Abstract-Toward creating more biomimetic engineered heart valve tissues, in current study we utilized a laser microablation technique to create anisotropic scaffolds comprised of diamondshaped pores and seeded scaffolds with valvular interstitial cells.
I. INTRODUCTION
Tissue engineered heart valves (TEHV), by virtue of their potential for growth and remodeling, may be useful in the repair of congenital valvular lesions. However, with the exception of electrospun poly(ester urethane) urea (PEUU) scaffolds [1] , previous scaffolds for TEHV have neither exhibited the anisotropy and elasticity of native leaflets nor promoted native-like collagen orientations without the application of in-vitro or in-vivo mechanical loading. The goal of the current study was to develop scaffolds capable of matching the anisotropic stiffnesses of native leaflets while promoting native-like cell and collagen orientations. In particular, we utilized the bioresorbable elastomer poly(glycerol sebacate) (PGS) [2] and a laser microablation approach previous demonstrated to yield biomimetic tissue engineered cardiac muscle [3] and valvular interstitial cells isolated from porcine pulmonary and aortic valve leaflets.
II. MATERIALS AND METHODS
A. PGS synthesis and scaffold microfabrication PGS was synthesized by adapting the methods of Wang et al. [2] . In brief, glycerol and sebacic acid (1:1 molar ratio) were reacted at 120°C under N 2 for 24h. PGS pre-polymer was cured into thin (~250 μm) sheets on sucrose-coated glass microscope slides in a vacuum oven. Curing conditions of 160°C and 12h were used in these initial studies, with an expected Young's modulus of 1.867 MPa [3] . Scaffolds were microfabricated in our lab at Penn State using an LSX-213 laser microablation system (CETAC Technologies; Omaha, NE) [4] . The LSX-213 comprises a 213nm frequency quintupled Nd:YAG laser, mask projection and viewing optics, motorized x-y-z stage, and DigiLaz II control software.
Laser parameter values of 50% energy (~ 2mJ/pulse), 300 pulses/pore, and 20 pulses/s frequency, and 1000 μm defocus were used. Based on previous findings that diamond-shaped pores can guide the orientation of fibroblasts [5] , a custom alumina ceramic mask was fabricated (CETAC) and used to create diamond shaped pores (Fig.1a,c) . Scaffold microstructures were characterized by scanning electron microscopy (FEI Quanta 200). 
B. Cell culture, scaffold seeding and cultivation
Pulmonary and aortic valvular interstitial cells were isolated from bovine heart valve leaflets using 0.1% (w/v) type I collagenase digestion for 30 minutes. The cells were expanded for ~4 wks in standard T25 flasks to yield a sufficient number of cells for our pilot cell seeding studies presented herein. Following expansion, cells were harvested by trypsinization and seeded onto 5x5x0.25mm scaffolds (n=3) for 24h at ~1x10 6 /cm 2 using 50cc bioreactor tubes (TPP, Trasadingen, Switzerland) and a rotisserie [3, 5] . Cell-seeded scaffolds were cultivated 1/well in 6-well plates (Ultra low attachment; Corning) for 3wk in 3 ml of E199 (4.5 g/l glucose) with 10% FBS, 1% antibiotic-antimycotic (Invitrogen), and 82 μg/ml Lascorbic acid-2-phosphate (Sigma) (changed every 2-3 days).
C. Finite element simulations
3-D finite element models were developed using ABAQUS software (ver.6.10-1). Models comprised 49,602 tetrahedral elements (Fig. 2) . PGS material properties were specified as linear elastic with a Young's modulus of 2.28 MPa (PGS cured at 160°C/12h). Boundary conditions included a fixed plane on one cross-section of the scaffold and a uniform distributed force on the opposite cross-section. This analysis yielded simulated stress-strain plots from which stiffnesses were determined under homogenization assumptions. 
D. Biochemical and mechanical characterization
Collagen and DNA were quantified by Sircol™ (Biocolor LTD, UK) and Picogreen (Invitrogen) assays, respectively [6] . Uniaxial mechanical testing was conducted on 5mm wide, 10mm gauge length scaffolds [3] and similarly sized bovine aortic valve leaflet tissue specimens. Specimens were stretched to failure at 10mm/min using an Instron. Individual samples were used for the scaffold preferred (PD) and orthogonal, cross-preferred (XD) directions and for circumferential and radial strips of native leaflets.
III. RESULTS AND DISCUSSION
3-D finite element simulations provided reasonably accurate predictions of experimental scaffold effective stiffnesses in the PD and XD directions (Table 1) . Following 3wk cultivation, mean collagen contents were 150 and 174 μg/g wet weight for scaffolds seeded with pulmonary and aortic valvular interstitial cells, respectively. The associated DNA contents were 17.1 and 21.68 μg/g wet weight, respectively. Effective stiffnesses of scaffolds in the PD and XD directions (Table 1 ; Fig. 3a) closely approached the peak tangent moduli of bovine aortic valve leaflet tissue in the circumferential and radial directions (Fig. 3b) , respectively. In subsequent studies we will adjust the PGS curing conditions to achieve better matching of mechanical data [3] , as well as characterize the evolution of mechanical properties in cell-seeded scaffolds. Of note, in a recent study by Filho et al. [7] , a 3-D printer was used to rapid prototype valve-shaped constructs based on microCT data of native valves from polyethylene glycol diacrylate (PEG-DA) but did not report on the mechanical properties or cell-seeding of their constructs. Likewise, earlier work by Taylor et al. [8] on valve interstitial cell-seeded rapid prototyped collagen scaffolds, while of potential use for TEHV, did not present evidence of a patterned microstructure or mechanical data. To the best of our knowledge, this is the first study to demonstrate a microfabricated scaffold capable of promoting collageneous tissue formation while matching aspects of the anisotropic mechanical behavior of native heart valve leaflet tissues. Figure. 3. Representative uniaxial tensile stress-strain plots for radial and circumferential strips of native bovine aortic valve leaflet tissue (A) and microfabricated poly(glycerol sebacate) scaffolds with a strut width of 50 μm and curing conditions of 160°C for 12h in PD and XD direction.
